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(54) Process for forming a buried cavity in a semiconductor material wafer 


(57) The process comprises the steps of forming, on 
top of a semiconductor material wafer (10), a holed 
mask (16) having a lattice structure and comprising a 
plurality of openings (18) each having a substantially 
square shape and a side with an inclination of 45^* with 
respect to the flat (110) of the wafer; carrying out an an- 
isotropic etch in TMAH of'the wafer (10), using said 


holed mask (16), thus forming a cavity (20), the cross 
section of which has the shape of an upside-down isos- 
celes trapezium; and carrying out a chemical vapour 
deposition (CVD) using TEOS, thus forming a TEOS 
layer (24) which completely closes the openings of the 
holed mask (16) and defines a diaphragm (26) overlying 
the cavity (20) and on which a suspended integrated 
structure can subsequently be manufactured. 
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Description 

[0001] The present invention regards a process for 
forming a buried cavity in a semiconductor material wa- 
fer. 5 
[0002] As is known, ttie possibility of manufacturing 
RF integrated circuits in CMOS or BICMOS technology 
would make it possible to obtain lower consumption and 
lower costs as compared to normal circuits made using 
gallium arsenide (GaAs). 

[0003] At present, however, this possibility is limited 
by the poor efficiency of the passive elements, and in 
particular by the inductors, on account of the high par- 
asitic capacitances of the substrate which give rise to 
low resonance frequencies and preclude the use of 
high-frequency inductors, and on account of the high 
conductivity of the substrate, which markedly limits the 
quality factor Q of the inductor. 
[0004] Typical values of the quality factor Q for inte- 
grated Inductors made on GaAs are of the order of 20 
for frequencies of 2 GHz, whereas values of the quality 
factor Q smaller than 5 are obtained for inductors inte- 
grated on high-conductivity silicon substrates (CMOS 
processes). 

[0005] To increase the quality factor Q of integrated 
inductors in the entire range of interest it is important to 
reduce both the losses due to the metallizations that 
make up the coil and losses due to the substrate. 
[0006] The losses due to metallizations can be re- 
duced by using aluminium or copper thick layers having 
relatively high electrical conductivity. However, the skin 
effect, which, for example, for copper is of the order of 
1,5 urn at a frequency of 1 GHz, limits the thickness of 
the metallization layer in which the current effectively 
flows. It follows therefore that there is 'no point in using 
metallization regions having a thickness of over 2 ^m to 
seek to increase the inductor quality factor Q. 
[0007] The losses due to the substrate can be re- 
duced by using high-resistivity substrates. However, this 
solution is not compatible with CMOS technology, which 
enables only low-resistivity substrates to be obtained. 
[0008] One of the techniques used to reduce the loss- 
es due to the substrate envisages the formation of a 
thick oxide layer, namely of over 60 ^m, underneath the 
inductor, which limits the currents inductively generated 
in the substrate, thus improving the inductor quality fac- 
tor Q and at the same time enabling higher resonance 
frequencies to be obtained and wider metallization strips 
to be used, in this way also reducing ohmic dissipation, 
[0009] This technique is schematically illustrated in 
Figures la-lc and envisages the formation, in a wafer 
1 ofmonocrystallinesilicon, of deep trenches 2 (Fig. la), 
complete thermal oxidation of the columns 3 of silicon 
comprised between each pair of contiguous trenches 2 
(Fig. lb), and then chemical vapour deposition (CVD) 
of a layer of TEOS 4 (tetraethyl orthosilicate), the pur- 
pose of which is to complete filling of the trenches and 
to prepare the surface of the substrate (planarization) 


for the subsequent forming of the inductor (Fig. 1c). 
[0010] This technique is, however, very costly in that 
it requires a long time for forming the trenches (1 \un! 
min) and moreover with current etching machines it is 
not possible to canry out the operation simultaneously 
on a number of wafers, but only on a single wafer at a 
time. 

[0011] An altemative technique that has been pro- 
posed recently and that makes it possible to reduce 
losses due to the substrate is described in "PROCEED- 
INGS OF THE IEEE", vol. 86. No. 8, August 1998, page 
1632, and essentially envisages the creation of a cavity 
or air gap underneath the inductor by removing the sili- 
con underneath the inductor by means of anisotropic 
chemical etches made using potassium hydroxide 
(KOH), tetramethyl ammonium hydroxide (TMAH), etc., 
and employing a sacrificial polycrystalline-silicon layer. 
[0012] This technique is schematically illustrated in 
Figures 2a-2c, and essentially involves the deposition 
and definition, using a special mask, of a sacrificial poly- 
crystalline-silicon layer 5 on the top surface of the sub- 
strate 1, deposition of a silicon-nitride (Si3N4) layer 6 
above the sacrificial polycrystalline-silicon layer 5 (Fig. 
2a), and then the carrying-out of an anisotropic etch of 
the substrate 1 through an opening 7 made in the silicon- 
nitride layer 6 (Fig. 2b). By means of the anisotropic 
etch, the sacrificial polycrystalline-silicon layer 5 and 
part of the substrate 1 are thus removed, and a cavity 
or air-gap 8 is obtained having a roughly triangular cross 
section, which is separated from the outside environ- 
ment by a diaphragm 9 consisting of the portion of the 
silicon-nitride layer 6 overiying the cavity 8, and on 
which the inductor can subsequently be made. 
[001 3] This technique presents some drawbacks that 
do not enable adequate exploitation of all its advantag- 
es. 

[001 4] In the first place, for the formation of the cavity 
8 the above technique requires the deposition, and the 
corresponding definition through a special mask, of a 
sacrificial polycrystalline-silicon layer 5, with the costs 
associated thereto. 

[0015] In the second place, the said technique does 
not enable a uniform isolation level to be obtained un- 
derneath the inductor, in that isolation is maximum at 
the centre of the cavity 8 (i.e., at the vertex that is set 
further down of the triangle) whilst it is minimum at the 
ends of the cavity 8 (i.e., at the two vertices of the trian- 
gle that are set higher up). Consequently, in order to 
guarantee a minimum level of isolation of the inductor 
that may be acceptable over the entire extent of the lat- 
ter, it is typically necessary to provide a cavity, the top 
area of which is larger than the area of the inductor, with 
a consequent larger area occupied on the silicon with 
respect to the one that would be occupied if the known 
technique illustrated in Figures la-lc were instead 
used. 

[001 6] The object of the present invention is to provide 
a process for forming a buried cavity in a semiconductor 
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material wafer that does not present the limitations of 
the processes of the known art. 
[0017] According to the present invention, a process 
for forming a buried cavity in a semiconductor material 
wafer is provided, as defined in Claim 1. 
[0018] For a better understanding of the present in- 
vention, prefen-ed embodiments thereof are now de- 
scribed, merely to provide non-limiting examples, with 
reference to the attached drawings, in which: 

Figures la-lc show cross sections of a semicon- 
ductor material wafer in successive steps of a first 
known forming process; 
- Figures 2a-2c show cross sections of a semicon- 
ductor material wafer in successive steps of a sec- 
ond known forming process; 
Figure 3 shows a top view of a semiconductor ma- 
terial wafer in which the cavity has a pre-set orien- 
tation with respect to the wafer; 
Figures 4a-4d show cross sections of the wafer of 
Figure 3 at an enlarged scale in successive forming 
steps, according to the present invention; 
Figures 5 and 6 show portions of masks used during 
the fomiing process according to the present inven- 
tion; and 

Figures 7a and 7b show cross sections of the wafer 
of Figure 4d in successive forming steps, according 
to a different embodiment of the invention. 

[001 9] Figure 3 shows a wafer in which a cavity or air 
gap 20 is fonned using a holed mask 16 having open- 
ings oriented at approximately 45° with respect to the 
"flat" of the wafer 10. identified by the orientation <110>, 
as is shown in the detail of Figure 5. The surface of the 
wafer 10 has, instead, orientation <100>. 
[0020] For forming the cavity 20, according to what is 
illustrated in Figures 4a-4d, directly on the top surface 
13 of a P or P-i- monocrystalline silicon substrate 11 (i. 
e., without the interposition of a sacrificial polycrystal- 
line-silicon layer), a first silicon-dioxide layer 12 is ini- 
tially grown having a thickness of between 200 A and 
600 A, and a silicon-nitride layer 14 is next deposited 
thereon having a thickness of between 900 and 1500 A 
(Fig. 4a). 

[0021] Next, using a resist mask (not shown), dry 
etching is carried out of the uncovered portions of the 
silicon-nitride layer 14 and of the silicon-dioxide layer 
12. and the resist mask is then removed. In this way, the 
portions of the silicon-nitride layer 14 and of the silicon- 
dioxide layer 1 2 that have remained after the dry etching 
form the holed mask 16 (Fig. 4b). 
[0022] As is illustrated in detail in Figure 5, the holed 
mask 16 has a lattice structure provided with openings 
18 having a substantially square cross section, with 
sides having a length LI of, for example, between 1 jim 
and 3 jim, preferably 2 \im, and an inclination of 45** ± 1 ° 
with respect to the •*flaf* of the wafer 10. The openings 
are set apart at a distance comparable to the length L1 , 


and hence, for example, at a distance of between 1 \im 
and 3 \im. 

[0023] Using the holed mask 16. the substrate 11 is 
then anisotropicalty etched undertime control in tetram- 

5 ethyl ammonium hydroxide (TMAH). thus forming the 
cavity 20, which substantially has the shape of an isos- 
celes trapezium turned upside down and a depth of be- 
tween 50 ^im and 100 ^m (Fig. 4c). 
[0024] In particular, the shape of an upside-down 

10 isosceles trapezium of the cavity 20 is obtained thanks 
to the combination of the following factors: execution of 
an anisotropic etch; use of a holed mask 16; and orien- 
tation at 45° ±r of the openings 18 with respect to the 
"flat" of the wafer 10. 

15 [0025] In fact, with the particular combination de- 
scribed above, the individual etches having their origin 
from the openings 18 of the holed mask 16 are per- 
fomied on particular crystallographic planes of the sili- 
con which enable the individual etches to "join up" lat- 

20 erally to one another, thus causing removal of the silicon 
not only in the vertical direction (i.e.. in the direction of 
the depth of the substrate 11). but also In the horizontal 
direction (width/length), thus leading to the formation of 
the cavity 20 having the shape shown in Figure 4c. 

25 [0026] If, instead, the openings 18 of the holed mask 
16 had sides parallel or orthogonal to the "fiat" of the 
wafer 10, the individual etches having their origin from 
the opening 18 of the holed mask 16 would be per- 
formed on crystallographic planes of the silicon that 

30 would not enable the individual etches to "join up" later- 
ally to one another, thus leading to the formation of a set 
of cavities, equal in number to the openings 18 of the 
holed mask 16, separate from one another, and each 
having a cross section shaped like an upside-down tri- 

35 angle, of the same type as that shown in Figure 2c. 
[0027] The use of TMAH for carrying out anisotropic 
etching of the substrate 11 is moreover particulariy ad- 
vantageous in combination with the structure of the 
holed mask 16 described above for leading to the for- 

40 mation of the cavity 20 having the shape Illustrated in 
Figure 4c, in that also this contributes to lateral joining- 
up of the individual etches. 

[0028] With reference again to Figures 4a-4d, follow- 
ing upon TMAH anisotropic etching, a chemical vapour 

45 deposition (CVD) of tetraethyl orthosilicate (TEOS) is 
carried out for a thickness of 2 jim, which leads to the 
formation of a coating layer 22. which is thinner and 
which coats-the side walls and bottom wall of the cavity 
20, and of a closing layer 24 which completely closes 

so the openings of the holed mask 16 (Fig. 4d). 

[0029] The closing layer 24 defines, on top of the cav- 
ity 20, a diaphragm 26, above which, in a way in Itself 
known and not illustrated, the suspended structure can 
then made, such as an inductor, a resistor, etc. 

55 [0030] The advantages of the process according to 
the present invention are described in what follows. 
[0031] In the first place, forming cavities according to 
the present invention does not entail the deposition, and 
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the corresponding definition through a dedicated mask, 
of a special polycrystaliine-silicon layer; the fabrication 
process Is consequently simpler and more economical, 
thanks to the reduction in the numl>er of the steps re- 
quired, and In particular to the elimination of the mask 
necessary for the definition of the sacrificial polycrystal- 
line>silicon layer. 

[0032] In the second place, the process described en- 
ables the fabrication of a cavity 20 the shape of which 
makes it possible to achieve a uniform isolation level be- 
neath the electronic component (inductor, resistor, etc.) 
made on the diaphragm 26 overlying the cavity 20, thus 
reducing occupation of the area on silicon with respect 
to that which there would be if the prior art techniques 
shown in Figures 2a-2c were used. 
[0033] In addition, the present process can be em- 
ployed for the fonnation of cavities having, in plan view, 
any shape whatsoever, and even elongated cavities de- 
fining true buried channels. 

[0034] Finally, it is clear that numerous modifications 
and variations can be made to the process described 
and illustrated herein, without thereby departing from 
the sphere of protection of the present invention, as de- 
fined in the attached claims. 

[0035] For example, the holed mask used in the proc- 
ess could also present a different pattern of the open- 
ings. For instance, it is possible to use the pattern shown 
in Figure 6, in which the holed mask 16' has openings 
18' having a substantially rectangular shape, with the 
smaller side having a length LI of, for example, between 
1 ^m and 3 ^m, preferably 2 ^m, and the larger side 
having a length L2 of, for example, between 1 \im and 
10 ^m, preferably 5-7 and an inclination of 45° ±1** 
with respect to the "flat" of the wafer 10. The distance 
between the openings 18' is preferably comparable with 
that of the smaller side L1, and is hence, for example, 
between 1 \m and 3 \im. 

[0036] In addition, the openings 18* are arranged in 
parallel rows, and the openings 18* belonging to adja- 
cent rows are staggered with respect to one another. 
[0037] Furthermore, the openings 1 8* could present a 
shape slightly different from that illustrated in Figure 6. 
In particular, they could present any shape elongated 
along a prevalent direction having the inclination re- 
ferred to above with respect to the "tlar of the wafer 10, 
for example the shape of a flattened ellipse, a generally 
quadrangular elongated shape, etc. 
[0038] Finally, the same process can be used to make 
buried channels connected with the outside worid at 
communication openings, for example elongated chan- 
nels having two opposite ends and being connected via 
communication openings set at the ends of the channels 
themselves. In this case, the openings 18, 18' of the 
holed mask 16, 16' are an-anged so as to obtain the de- 
sired shape for the cavity 20 or for a plurality of cavities 
20. In addition, instead of depositing TEOS after the for- 
mation of the cavity 20, polycrystalline silicon is depos- 
ited, which comes to form the coating layer 22 and the 


closing layer 24. Next, as shown in Figure 4a, an epi- 
taxial layer 30 is grown so as to strengthen the dia- 
phragm 26. Finally, using known etching techniques, the 
openings 31 are made at the two ends of the cavity or 
s of each cavity 20 (Figure 7b), so as to form areas of ac- 
cess to the cavity or cavities 20. This solution is partic- 
ularly suited for the fabrication of microreactors for the 
DNA chain reaction. 

10 

Claims 

1 . A process for fomning a buried cavity (20) in a sem- 
iconductor material body (11), comprising the steps 

15 of: 

- forming a mask (1 6) on top of said semiconduc- 
tor material body (11); and 

- anisotropicalty etching said semiconductor ma- 
20 terial body (11) using said mask (16); 

characterized in that said mask (16) has a 
plurality of openings (18; 18'), each having a side 
or a prevalent direction with an inclination of be- 
25 tween 44^ and 46° with respect to a flat (1 00) of said 
semiconductor material body (11). 

2. The process according to Claim 1. characterized 
In that said openings (1 8) have a side or a prevalent 

30 direction with an inclination of 45° with respect to 
said flat (100) of said semiconductor material body 
(11). 

3. The process according to Claim 1 or Claim 2, char- 
ts acterized in that said openings (18; 18') have a 

quadrangular shape. 

4. The process according to Claim 3. characterized 
in that said openings (18) have a substantially 

^0 square shape. 

5. The process according to Claim 3, characterized 
in that said openings (18') have a substantially rec- 
tangular shape. 

45 

6. The process according to Claim 5, characterized 
in that said openings (18*) are an-anged in parallel 
rows. 

50 7. The process according to Claim 6, characterized 
in that said openings (18') belonging to adjacent 
rows are staggered with respect to one another. 

8. The process according to any of the foregoing 
55 claims, characterized in that said mask (16) has a 

lattice structure. 

9. The process according to any of the foregoing 


5 
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claims, characterized in that said mask (16) is 
made directly above a surface (13) of said semicon- 
d uctor material body (11). 

10. The process according to any of the foregoing 5 
claims, characterized in that said -anisotropic 
etching step is carried out using Ti^AH. 

11. The process according to any of the foregoing 
claims, characterized in that said anisotropic etch- io 
ing step is time-controlled. 

12. The process according to any of the foregoing 
claims, characterized by the further step of: 

15 

- forming, above said mask (16), a coating layer 
(22) closing said openings (18; 18'). 

13. The process according to Claim 12, characterized 

in that said step of fomiing a coating layer (22) com- 20 
prises carrying out TEOS chemical vapour deposi- 
tion. 

14. The process according to Claim 12. characterized 

in that said step of forming a coating layer (22) com- 2S 
prises the deposition of a polycrystaliine-silicon lay- 
er. 

15. The process according to Claim 13, characterized 

by the further steps of growing an epitaxial layer 30 
(30) on said coating layer and of forming communi- 
cation openings (31) extending in said epitaxial lay- 
er (31 ) and in said coating layer as far as said cavity 
(20). 

35 

16. The process according to any of the foregoing 
claims, characterized in that said mask (16) is a 
hard mask comprising oxide portions (12) in contact 
with said semiconductor material body (11) and sil- 
icon-nitride portions (14) above said oxide portions 40 
(12). 


45 


so 


55 
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